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ABSTRACT: 

PURPOSE: To improve a charging/discharging cycle characteristic by adding 
pyrrole or a pyrrole derivative and metallic halide to a nonaqueous electrolyte 
in a lithium secondary battery having a nonaqueous electrolyte of liquid 
wherein lithium salt is resolved in an organic solvent. 

CONSTITUTION: Liquid, wherein lithium salt is resolved in an organic 
solvent, is used as a nonaqueous electrolyte in a lithium secondary battery. 
Pyrrole or a pyrrole derivative and metallic halide are added to the nonaqueous 
electrolyte. Preferably, the concentration of purrole and a pyrrole derivative 
and that of metallic halide are l-10vol.% and 10-300ppm degrees respectively. 
Lithium phosphate hexafluoride and boron lithium tetrafluoride etc., 
2,5-dimethyl_p yrrole and 2 ace tylN^ methyl pyrrole, e tc., and aluminum iodide 
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'* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 
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4 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to amelioration of the nonaqueous electrolyte for raising the eharge-and- 
discharge cycle property of a lithium secondary battery in detail about a lithium secondary battery. 
[0002] It is observed from the reasons of the lithium cell which used the lithium as the negative-electrode active 
material, and used metaled oxide, the sulfide, the chloride, or the carbon compound of a halogen as positive active 
material having little self-discharge with a miniaturization unit volume and the cell capacity per unit weight with high 
cell voltage being large, and easy. Now, the lithium primary cell which uses a manganese dioxide and iron disulfide as 
positive active material is put in practical use. 

[0003] Rechargeable battery-ization of the cell which uses a metal lithium or a lithium alloy as an active material is 
expected with the miniaturization of the electronic equipment in recent years, and an improvement of a life is desired 
for the utilization. 
[0004] 

[Description of the Prior Art] There is the following problem in the lithium secondary battery of the nonaqueous 
electrolyte system which used the metal lithium as the negative-electrode active material. That is, at the time of charge, 
the. lithium ion which melted and came out from the negative electrode into nonaqueous electrolyte at the time of 
discharge serves as a lithium (electrocrystallization lithium) of arborescence on the surface of a negative electrode, and 
deposits. While this electrocrystallization lithium repeats charge and discharge, it grows gradually, it penetrates a 
separator, and reaches a positive electrode. Since an internal short circuit is caused by this, there is a problem that only 
the rechargeable battery with which a charge-and-discharge cycle property lacks in the practicality whith is not very 
good is obtained. 

[0005] In the former, in order to prevent the internal short circuit of a lithium secondary battery, to add a metal 
halogenide is tried by/ nonaqueous electrolyte and the life improvement effect by it is reported to it (the work "effect 
affect charge-and-discharge property of lithium electrode-organic electrolytic-solution interface structure" Heisei 5 
34th cell debate besides Shinsuke Yoshitake). 

[0006] According to the above-mentioned report, when an aluminium iodide is used as a metal halogenide, using 

lithium perchlorate as lithium salt, it is reported that there is' a life improvement effect. 

[0007] 

[Problem(s) to be Solved by the Invention] However, the lithium perchlorate used during the above-mentioned report 
has high reactivity, and when temperature is high, there is explosivility, and since it is dangerous, it needs a certain cure 
for using for a lithium secondary battery. 

[0008] In order to obtain a safe lithium secondary battery, it is possible to replace with lithium perchlorate, for 
example, to use a safe 6 phosphorus-fluoride acid lithium. However, according to the experiment of the artificers of this 
invention, when a 6 phosphorus-fluoride acid lithium was used as an electrolyte, the life improvement effect by 
addition of a metal halogenide was not seen. 

[0009] Moreover, it is thought in utilization of a lithium secondary battery that it is still inadequate, and it is necessary 
to make still much more life improvement in the life improvement effect by above-mentioned report. This invention 
was made in view of the above-mentioned problem, and aims at offering the long lithium secondary battery of the life 
excellent in the charge-and-discharge cycle property. 

[0010] A life is long and invention of claim 3 and claim 4 aims to let it offer a safe lithium secondary battery. 
[0011] 

[Means for Solving the Problem] The lithium secondary battery concerning invention of claim 1 is a lithium secondary 
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battery which made nonaqueous electrolyte the liquid made to dissolve lithium salt in an organic solvent, and is 
characterized by adding the pyr role or the pyrrole derivative^ and the metal halogenide at said nonaqueous electrolyte. 
[0012] As an organic solventTPC (propylene carbonate), THF (tetrahydrofuran), EC (ethylene carbonate), DME (1,2- 
dimethoxyethane), DEC (diethyl carbonate), 2-MeTHF (2-methyl-tetrahydrofuran), dimethyl sulfoxide, gamma- 
butyrolactone, a dioxo silane, sulfolane, a diethyl formamide, and an acetonitrile are illustrated. 
[0013] As lithium salt, LiPF6 (6 phosphorus-fluoride acid lithium), LiBF4 (4 fluoroboric-acid lithium), and LiC104 
(lithium perchlorate) are illustrated. From the field of safety, it is LiC104. The lithium salt of an except is desirable. 
[0014] As a pyrrol e derivative, 2, 5-dimethyl p yrrole, a 2 acetyl N-methyl pyrrole, 2-acetyl pyrrole , and N-meth yl 
.pyjTole.ar ^illustrated. As a metalTTalogeniHeTAlD (aluminium iodide), InI3 (3 iodation indium), SnI2 (iodation tin), 
and PbI2 (2 lead iodides) are illustrated. 

[0015] Moreover, as positive active material of a cell, LiCo02 (cobalt acid lithium), LiNi02 (nickel acid lithium), 
LiMn02 (manganic acid lithium), LiMn 204 (manganic acid lithium spinel), and V2 05 (vanadium pentoxide) are 
illustrated. 

[0016] As a negative-electrode ingredient, a metal lithium and lithium-aluminium alloy, a lithium-tin alloy, and a 

lithium-lead alloy are illustrated. 

[0017] 

[Function] Although the coat of a duplex is formed in the front face of the lithium of a negative electrode, by adding a 
pyrrole or a pyrrole derivative to nonaqueous electrolyte, the coat by the side of liquid becomes thin, and resistance 
also becomes small. Therefore, the coat by the side of liquid becomes thin with the pyrrole or pyrrole derivative in 
nonaqueous electrolyte, according to the synergistic effect with the metal halogenide in nonaqueous electrolyte, a 
charge-and-discharge cycle property improves and a remarkable life improvement effect is acquired. 
[0018] In addition, when the electrolyte of nonaqueous electrolyte is lithium perchlorate, the coat by the side of the 
liquid of the coats of a duplex is thin, and resistance is also small. However, when an electrolyte is a 6 phosphorus- 
fluoride acid lithium, the coat by the side of liquid is unstable, and its resistance is also strong. So, when an electrolyte 
is a 6 phosphorus-fluoride acid lithium, by adding a pyrrole or a pyrrole derivative, the coat by the side of liquid 
becomes thin, and a remarkable life improvement effect is acquired. 
[0019] 

[Example] Hereafter, this invention is explained based on an example. However, the following example is an example 
and this invention is not limited to the thing of the following example. 

[0020] Drawing 1 is drawing showing typically the trilateral type eel 5 for examining the charge-and-discharge cycle 
property of the lithium secondary battery of this invention. The trilateral type eel 5 The rubber stopper 12 and rubber 
stopper 1 2 which blockade opening of the weighing capacity bottle 1 1 and the weighing capacity bottle 1 1 are 
penetrated. Two attached glass tubes 13 and 14, Luggin capillary 15, It consists of the operation pole 16 attached in the 
point of a glass tube 13, a counter electrode 17 attached in the point of a glass tube 14, a reference pole 1 8 arranged 
inside Luggin capillary 15, nonaqueous electrolyte 19 filled by about one cup inside the weighing capacity bottle 1 1 . 
[0021] Lead wire 16a, 17a, and 18a is connected to the operation pole 16, the counter electrode 17, and the reference 
pole 18, respectively. A constant current power supply 21 is connected between the operation pole 16 and a counter 
electrode 17, and the recorder 22 is connected by such lead wire 16a, 17a, and 18a between the operation pole 16 and 
the reference pole 18, respectively. 

[0022] As an operation pole 16, the metal lithium foil 2 and whose thickness surface area is 30 micrometers 1cm is 
used, and the metal lithium 2 and whose thickness surface area is 500 micrometers 6cm is used as a counter electrode 
17. Moreover, the metal lithium line is used as a reference pole 18. 

[0023] In addition, nonaqueous electrolyte 19 was prepared so that a 6 phosphorus-fluoride acid lithium was dissolved 
in propylene carbonate at a rate of 1M (every mol liter), 2 and 5-dimethyl pyrrole might be served as 5vol(s).% and it 
might serve as concentration of 100 ppm by the weight ratio in an aluminium iodide as an additive at this. In addition, 
the concentration of an additive is the concentration in nonaqueous electrolyte 19. 

[0024] As an example of a comparison, the same trial as the case where above-mentioned nonaqueous electrolyte 19 is 
used was performed using nonaqueous electrolyte 19A which does not add an additive, nonaqueous electrolyte 19B to 
which only 5vol(s).% added 2 and 5-dimethyl pyrrole as an additive, and nonaqueous electrolyte 19C which added 100 
ppm of aluminium iodides as an additive. 

[0025] A trial is current density 2 mA/cm2. After performing charge for 500 seconds, discharge for 500 seconds was 
performed, this was made into 1 time of a charge-and-discharge cycle, and the charge-and-discharge cycle was 
repeated. The number of cycles at the time of the potential to the reference pole 18 of the operation pole 16 exceeding 
1 V (time) was made into the life. A result is shown in Table 1 . 
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[0026] 
[Table 1] 
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[0027] According to Table 1, in the case of nonaqueous electrolyte 19C which added 100 ppm of aluminium iodides as 
an additive, as compared with the case where nonaqueous electrolyte 1 9A which does not add an additive is used, the 
life decreased about 30 percent on the contrary, and, in nonaqueous electrolyte 19B to which only 5vol(s).% added 2 
and 5-dimethyl pyrrole as an additive, there was an about 4 times as many life improvement effect as this. 
[0028] On the other hand, when the nonaqueous electrolyte 19 concerning this invention was used, as compared with 
the case of nonaqueous electrolyte 19A which does not add an additive, there was an about 7 times as many life 
improvement effect as this. Moreover, as compared with the case of nonaqueous electrolyte 19B to which only 5 vol 
(s).% added 2 and 5-dimethyl pyrrole as an additive, there was an about 10 times as many life improvement effect as 
this as compared with the case of about 1.5 times and nonaqueous electrolyte 19C which added 100 ppm of aluminium 
iodides as an additive. 

[0029] By this test result, he can understand that there is a large life improvement effect according to the synergistic 
effect of 2 and 5-dimethyl pyrrole and an aluminium iodide. Furthermore, using the same additive as ****, various the 
concentration was changed and the same trial as **** was performed. A result is shown in Table 2. 
[0030] 
[Table 2] 
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[0031] If the concentration of 2 and 5-dimethyl pyrrole exceeds 30vol(s).% according to Table 2, the life improvement 
effect by having added the aluminium iodide will no longer be seen. Moreover, if the concentration of an aluminium 
iodide exceeds 500 ppm, the life improvement effect by having added 2 and 5-dimethyl pyrrole will no longer be seen. 
[0032] Moreover, if the concentration of 2 and 5-dimethyl pyrrole becomes out of range [ 1 thru/or 10vol(s).% ] or the 
concentration of an aluminium iodide becomes out of range [ of 10 thru/or 300 ppm ], a life improvement effect will 
fall. Therefore, the concentration of 2 and 5-dimethyl pyrrole has 1 thru/or desirable 10vol(s).% extent, and the 
concentration of an aluminium iodide has 10 thru/or desirable about 300 ppm. Especially, as for the concentration of 2 
and 5-dimethyl pyrrole, by 5vol(s).%, when the concentration of an aluminium iodide is 100 ppm, an additive-free 
thing has an about 7-time life improvement effect by addition, and it is the most desirable. [0033] Furthermore, it 
replaced with 2 and 5-dimethyl pyrrole used for the above-mentioned trial, and using the pyrrole, various the 
concentration was changed and the same trial as **** was performed. The result is shown in Table 3. 
[0034] 
[Table 3] 
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[0035] If the concentration of a pyrrole exceeds 30vol(s).% according to Table 3, the life improvement effect by having 
added the aluminium iodide will no longer be seen. Moreover, if the concentration of an aluminium iodide exceeds 500 
ppm, the life improvement effect by having added the pyrrole will no longer be seen. 

[0036] Moreover, if the concentration of a pyrrole becomes out of range [ 1 thru/or 10vol(s).% ] or the concentration of 
an aluminium iodide becomes out of range [ of 10 thru/or 300 ppm ], a life improvement effect will fall. Therefore, the 
concentration of a pyrrole has 1 thru/or desirable 10vol(s).% extent, and the concentration of an aluminium iodide has 
10 thru/or desirable 300 ppm. Especially, as for the concentration of a pyrrole, by 5vol(s).%, when the concentration of 
an aluminium iodide is 100 ppm, an additive-free thing has an about 10-time life improvement effect by addition, and it 
is the most desirable. 
[0037] 

[Effect of the Invention] In the lithium secondary battery which made nonaqueous electrolyte the liquid made to 
dissolve lithium salt in an organic solvent, by adding a pyrrole or a pyrrole derivative, and a metal halogenide to 
nonaqueous electrolyte, a charge-and-discharge cycle property improves and, according to invention of claim 1 thru/or 
claim 4, a life is improved. 

[0038] According to invention of claim 3 and claim 4, a safe lithium secondary battery can be offered. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The lithium secondary battery which is a lithium secondary battery which made nonaqueous electrolyte the 
liquid made to dissolve lithium salt in an organic solvent, and is characterized by the pyrrole or the pyrrole derivative, 
and the metal halogenide being added by said nonaqueous electrolyte. 

[Claim 2] It is the lithium secondary battery according to claim 1 whose concentration of said metal halogenide the 
concentration of said pyrrole or said pyrrole derivative is 1 thru/or 10vol(s).%, and is 10 thru/or 300 ppm. 
[Claim 3] Said lithium salt is a lithium secondary battery according to claim 1 or 2 which is a 6 phosphorus-fluoride 
acid lithium. 

[Claim 4] It is the lithium secondary battery according to claim 3 said whose pyrrole derivative is 2 and 5-dimethyl 
pyrrole and said whose metal halogenide is an aluminium iodide. 
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